Initially, the human immunodeficiency virus (HIV)/ AIDS epidemic in China was confined primarily to injecting drug users (IDUs) and their sexual partner network [1] . Today, some 20 years later, both drug use and the HIV epidemic remain serious, intimately related issues in China. Some estimates place the number of drug users in China (most of them IDUs) at 3.5 million [2] , the number of people living with HIV/ AIDS at 780 000, and the proportion of people with HIV who were infected as a result of drug use and needle sharing at nearly one third of total HIV infections [3] . In response to this growing problem and in recognition of the mounting evidence for the safety and efficacy of methadone replacement therapy, the Chinese government implemented a National Methadone Maintenance Treatment (MMT) program in 2004 [3] [4] [5] . The program has expanded rapidly; there are 711 clinics across mainland China that served 306 786 clients cumulatively by the end of April 2011, making it the largest single opioid-replacement treatment system in the world [6, 7] .
Whether defined by reductions in the proportion of MMT clients who inject drugs, frequency with which they inject drugs, involvement in drug-related crime, heroin consumption and trade, or HIV incidence, China's MMT program appears to be working [4, 5] . Internationally, studies have shown that opiate-dependent drug users enrolled in treatment have lower mortality than those outside of treatment (14.0/1000 personyears [PY] vs 27.4/1000 PY) [8] . However, these gains may not be fully realized by HIV-positive clients [9, 10] , possibly because of low coverage or adherence to antiretroviral treatment (ART). Indeed, among all patients enrolled in China's National Free ART Program (NFATP), IDUs had the lowest ART coverage and the highest mortality rate [11] . Thus, the objective of this nationwide cohort study was to characterize mortality and its predictors among HIV-positive and HIV-negative MMT clients in China and to testing the hypotheses that earlier ART initiation and higher individualized methadone dosing improve survival in this setting.
METHODS

Study Design and Participants
Inclusion criteria for this nationwide cohort study were the same as MMT program enrollment requirements [4] . Therefore, all clients enrolled in MMT between 24 March 2004 and 30 April 2011 were included in the analysis. Within the national program, clients were encouraged to be tested for HIV, and those who tested positive were referred to the NFATP. Methadone was administered to clients daily under the direct supervision of clinic staff. Clients paid no more than $1.50 per day, and many received their doses for free. Further details describing China's MMT program can be found elsewhere [4, 5] .
Sources of Data
The National HIV/AIDS Information System is a Web-based data collection system maintained by the National Center for AIDS/STD Control and Prevention (NCAIDS) [12] . Data used for this study were taken from 3 of its 8 subsystems: the MMT Data System, the HIV/AIDS Case Reporting System, and the ART Patient Data System. Records in each subsystem were linked using national identification numbers. Identification numbers in China are assigned at birth and remain the same throughout life. MMT clients were first identified using the MMT Data System. Information collected from the MMT system included demographic information, HIV status, selfreported baseline drug-use history, and daily methadone dosage. For HIV-positive clients, data were further supplemented from the HIV/AIDS Case Reporting System. As HIV is a notifiable disease in China, all HIV cases are reported in this system. As required by NCAIDS, all HIV-positive individuals are contacted every 6 months if asymptomatic and every 3 months if they have progressed to AIDS. CD4 + T-cell counts are initially assessed once HIV infection is evident, then measured every 6 months if <350 cells/mm 3 and every 12 months if ≥350 cells/ mm 3 . Follow-ups are performed by local center for disease control and prevention (CDC) staff, and data are recorded in this system. If eligible and engaged in ART, patient information is also reported in the ART Patient Data System.
Exposures
Enrolled MMT clients are started on methadone at a dose of <40 mg/day for an initial induction period of 1-2 weeks. After this induction period is completed, doctors may increase the dose in consultation with the client. In general, the doctor uses his/her judgment when determining the dose for a client based on the client's heroin use history, current heroin use, and/or comorbid conditions. Exposure to methadone was measured as the average daily methadone dose. The World Health Organization (WHO) has recommended this exposure indicator [13] , and it was calculated as the sum of all methadone doses divided by the number of days treated. Discontinuation of methadone treatment for more than 30 days was defined as a treatment break. Clients were classified as HIV positive if they received a confirmatory HIV-positive test result at any point before or during MMT enrollment. Diagnosis for AIDS in HIV-positive clients was performed by trained local CDC staff in compliance with national standards [14] . The CD4 + T-cell count on the test date closest to the first methadone treatment date was recorded as the baseline value. ART exposure was categorized using an intent-to-treat approach, whereby if subjects had ever initiated ART treatment, then they were classified as ART experienced, regardless of their level of adherence or duration of treatment. ART eligibility is based on having a CD4 + T-cell count <350 cells/mm 3 or a diagnosis of AIDS. The ART regimens typically used are lamivudine (3TC) plus zidovudine (ZDV, AZT) or stavudine (D4T) and nevirapine (NVP) or efavirenz (EFV) in China's methadone program.
Death Reporting and Observed Follow-up Time
Deaths from all causes and their dates were ascertained through active follow-up by local CDC and methadone clinic staff; this is required as part of the standard of care. Deaths are recorded in each of the 3 data subsystems. The national mortality registration system was not used to independently verify deaths, causes, and dates for the present study because <10% of the nation's population is covered by the system [15] . As shown in Figure 1 , clients were followed from the time of enrollment in MMT until death (failures), the end of the study period (censored observations), or the date of last contact with MMT (date of last recorded dose) or CDC staff (losses to follow-up).
Statistical Analysis
The observed (or crude) mortality rate was calculated for all eligible clients engaged in MMT and for 2 subgroups of HIV-positive clients: ART-naive and ART experienced. These 2 subgroups were separated due to differences in disease progression between ART-experienced and ART-naive HIV-positive individuals [16] and potential drug interactions between methadone and antiretroviral medicines [17, 18] . A Poisson distribution was assumed for confidence intervals (CIs) of mortality rates. Unadjusted hazard ratios (HRs) were calculated by a Cox proportional hazards regression model that entered each variable one at a time. Adjusted HRs were calculated using the general multivariable Cox model stratified on covariates for which proportional hazards assumptions were not held and controlling for the remaining covariates. Variable selection of the multivariable model was based on prior knowledge rather than on statistical tests. Clients who were lost to follow-up were treated as randomly right censored in the data analysis. The proportional hazards assumption was assessed using Schoenfeld's residuals test for each covariate individually and globally. Due to missing CD4 + T-cell counts, sensitivity analyses were performed (see Supplementary Material). Kaplan-Meier cumulative incidence plots were generated showing time to event for variables of interest. Log-rank tests were used to compare survival across variables of interest. All statistical analyses were performed using SAS software (version 9.2, SAS Institute) and R statistical package (version 2.13.0, www.r-project.org). All CIs reported are 95% CIs and all P values reported are 2 sided.
Ethical Approval
The Institutional Review Board of NCAIDS, China CDC, reviewed and approved this study. Data used in this study were collected as a routine part of MMT and ART program administration and HIV surveillance; therefore, informed consent for inclusion of patient data in this study was not required. , and then dropped out again. During the break period (no MMT treatment), the client died. Even if a client dropped out of MMT, he/she was followed so that their status (alive or dead) could be assessed during the study period. In our study, we assumed that death events could happen at any time during the study period. All clients were followed from the date of first methadone treatment until an event occurred.
RESULTS
A flow chart describing the cohort is shown in Figure 2 . By the end of the follow-up period, there were 306 786 drug users cumulatively enrolled in the 711 MMT clinics. The total follow-up time was 472 705 PY, during which 5573 deaths were reported for an overall mortality rate of 11.8/1000 PY (CI, 11.5-12.1). Table 1 summarizes mortality rates with unadjusted and adjusted HRs. HIV infection was the strongest overall predictor of death (HR = 7.1, CI, 6.6-7.6). Other statistically significant predictors included being male (HR = 1. Table 1 ). Of these HIVpositive MMT clients, 13 740 (75.5%) were ART naive and 4243 (23.3%) were ART experienced ( Figure 2 ).
As summarized in Table 2 , 1760 deaths were identified among the ART-naive subgroup over 30 225 PY, for a mortality rate of 58.2/1000 PY (CI, 55.5-61.0). Being older (HR = 2.2, CI, 1.7-2.8 Kaplan-Meier cumulative incidence plots are shown in Figure 3 . Overall, HIV infection was associated with higher mortality (P < .0001). Among HIV-positive clients, higher methadone dose (P < .0001) was associated with lower cumulative mortality, independent of whether the clients were ART naive or ART experienced. Among ART-experienced, HIV-positive clients, early initial receipt of ART (ie, while CD4 + T-cell counts were higher) was also associated with lower cumulative mortality (P < .0001).
DISCUSSION
Although, as measured using a variety of metrics, China's national MMT program appears to be successful [4, 5] , evaluations of its effect on mortality, particularly for HIVpositive clients, have not been available to date. Hence, the purpose of this study was to examine mortality and its predictors, especially among HIV-positive MMT clients, testing the hypothesis that earlier initiation of ART and higher individualized methadone dosing may decrease the risk of death. Although we observed an overall mortality rate of 11.8/1000 PY, the mortality rate for HIV-positive clients was nearly fivefold greater, 57.2/1000 PY. These results were not unexpected, as previous studies have reported high mortality among HIVpositive MMT clients [9, 10] . Additionally, both drug users and HIV-positive individuals have far higher mortality rates than the general population [19] [20] [21] . This is almost certainly linked to the health status of clients, an idea that is supported by the strong association of mortality with lower baseline CD4 + T-cell counts and later initiation of ART-factors that are closely related and known to affect the survival of people with HIV [22] [23] [24] . Also important in this cohort was the protective effect of higher methadone doses. This has been observed in other studies, with the effect primarily attributed to increases in treatment retention and decreases in heroin overdose-related death [25] . These results suggest that both earlier initiation of ART and higher individualized dosing of methadone are crucial to reduction of the high mortality observed among HIV-positive MMT clients. The WHO [26] , the International AIDS Society USA [27] , and the US Department of Health and Human Services [28] have recommended initiating ART in all patients who have a CD4 + T-cell count ≤350 cells/mm 3 (irrespective of clinical symptoms) to improve health outcomes and reduce death among people living with HIV. We found mortality to be lowest among patients who began ART when their CD4 + T-cell counts were >300 cells/mm 3 . Unfortunately, this group of patients was relatively small in our study (13 , and approximately half had never had their CD4 + T-cell counts measured.
Despite the fact that China's NFATP is 10 years old, it continues to face many barriers to fully covering all eligible patients. These include logistical obstacles related to notifying patients of their confirmed HIV-positive status and their CD4 + T-cell count results and linking them to care, including ART if eligible [29] , and successfully navigating China's complex healthcare system [30] . These and other barriers such as ART treatment interruptions, ART failure (defined as HIV viral load >400 copies/mL after at least 12 months on treatment) due to active drug use, and need for clinical management of common comorbidities add to the difficulties faced by HIV-positive drug users in receiving appropriate HIV care [31] . Recent evidence suggests that many of these problems could be avoided if MMT and ART services were integrated [32] .
Analysis of the 2 subgroups of HIV-positive clients resulted in similar mortality rates for ART-naive (58.2/1000 PY) and ART-experienced clients (51.4/1000 PY). While this may seem counterintuitive, we believe this is due to confounding by indication. First, ART-experienced clients are, by definition, suffering from more advanced disease because ART eligibility guidelines select patients with low CD4 + T-cell count and/or clinical symptoms. Second, coexisting heroin addiction and opioid replacement therapy and simultaneous HIV infection and antiretroviral treatment make for very complex physiological conditions. Opiates play a cofactor role in the immunopathogenesis of HIV [33] , a number of antiretroviral medications are known to affect methadone plasma concentrations, and methadone is known to interact with several antiretroviral drugs [18] . Our understanding of the net effect of these interactions is limited, and more research in this area is needed. While methadone doses ≥60 mg/day are recommended by the US National Institutes of Health [34] , higher doses may be needed for clients who are receiving ART [18] , clients who continue to use drugs while in MMT [35] , and clients who suffer from psychological comorbidities [36] . Thus, it is probable that HIV-positive clients (whether or not they are receiving ART) may require a higher methadone dose. However, methadone dosing is complex. Providers and clients must work together to find the optimum dose based on the program's dosing guidelines, the provider's professional judgment, and the client's feedback about their experience of both the desirable (eg, withdrawal symptom suppression) and undesirable (eg, side effects) outcomes of their methadone regimen [37] . In this study, we found that an increase in average methadone doses to >75 mg/day is associated with reduced risk of allcause mortality for HIV-positive clients by approximately 47%-48% when compared with patients whose average methadone dose is <50 mg/day, independent of other prognostic variables including ART. However, presently, nearly 60% of clients receive <50 mg/day, suggesting an urgent need for programwide increases in individualized methadone dosing. We recognize there are many barriers to this type of change in China, including limited MMT provider and client understanding of the safety of higher doses, long-term nature of treatment goals, effective management of side effects, and need for collaborative communication between provider and client [37] . In Guangzhou, a majority of clients believed that they entered MMT for the purpose of detoxification, which could be achieved within 2-3 months and that methadone replacement is not a long-term treatment because it is regarded as harmful to one's health [38] .
Our study had a number of limitations. First, as in all observational studies, the role of confounding variables must be considered. While we minimized this effect by controlling for known prognostic variables, residual confounding may persist due to factors such as coinfection with hepatitis C virus or tuberculosis that could not be controlled in our multivariate analysis. Second, clinical interventions such as provision of MMT and ART were neither randomized nor fully standardized. These interventions are implemented following complex interactions between clients and their practitioners based on general guidelines issued by China's Ministry of Health [39] . Third, it is possible that some degree of misclassification of treatment exposures occurred within our dataset. Fourth, although we identified deaths among our sample population via active follow-up by both MMT clinic and local CDC staff, mortality may be underestimated. Deaths could not be independently verified by the national mortality registration system because <10% of the nation's population is covered by the system [15] . Fifth, because we only examined all-cause mortality, some deaths may be unrelated to HIV infection or drug use. Thus, actual mortality due to HIV/AIDS may be under-or overestimated. Finally, China is a large country, and the findings reported here are general and rates for individual provinces/ clinics may differ substantially. However, these differences are still likely to be influenced by access to ART and methadonedosing practices. For example, a study from Yili prefecture in Xinjiang Autonomous Region in western China found a mortality rate among HIV-positive MMT clients of 68.9/1000 PY, but access to ART and average methadone doses were lower in Yili than in other parts of the country [40] . In summary, our results have uncovered important new findings-HIV-positive MMT clients in China have relatively high mortality rates and earlier access to ART and higher methadone doses are both associated with decreased mortality. We believe these results underscore the urgent need for expansion of ART coverage among eligible MMT clients and adoption of evidence-based, individualized methadone-dosing policies. We also suggest a potential benefit for the colocation of MMT and HIV care services in a "one-stop-shop" model. Further, we believe that the challenges China faces in improving treatment for HIV-positive heroin addicts in MMT are not unique. Rather, the results presented here may be generalized to MMT programs in other countries and should be considered evidence for the life-saving benefits of earlier initiation of ART and higher methadone doses for HIV-positive MMT clients in a broad range of settings.
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